Abstract: At present, disadvantages regarding energy conservation and environmental protection of shipboard incinerator still exist. To tackle this problem, measures in terms of energy conservation such as waste-heat utilization and high-temperature dehydration, and of environmental protection such as thermostatic control and comprehensive combustion, along with a scientifically-designed working process of shipboard incinerator, are promoted to largely improve the performance of energy conservation and environmental protection of shipboard incinerator, which, given the background of global energy intensity and maritime environment deterioration, is of positive
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Principle of System Structure of Shipboard Incinerator
The system of shipboard incinerator mainly consists of the diesel system, sump oil system, air compression system, incinerator and electric control cabinet [3] [4] . The sump oil system is responsible for storage, heating and pumping of the sump oil. The diesel system is responsible for the storage and pumping of the diesel. The air compression system is responsible for the atomization of the diesel or the sump oil, pipe cleaning before the sump oil combustor stops and promoting some actuators such as the gallery port. The electric control cabinet is responsible for the installation of some control devices such as PLC and frequency transformer. The incinerator mainly consists of the hearth, gallery port, ash door, diesel combustor, sump oil combustor, positive blower and throttle controller. The solid waste or sump oil is mainly burned inside the incinerator.
Technology of Energy Conservation Scientific Utilization of Waste-Heat
The gas heat emitted from the common shipboard incinerator is hardly utilized. In terms of energy conservation, this gas heat, which hits 1,100℃, can be developed and utilized. Take the TeamtecGS500c Shipboard Incinerator as an example. This incinerator's heat capacity is 335KJ/h, and can be predicted to produce 1t steam (1Mpa), which reflects that it has a high value for energy utilization. The measure is, to install a heat exchanger in the exhaust pipe of the incinerator to take in the waste-heat so that the temperature of the gas heat will fall below 300℃ and the level of pollutants such as dioxin will reduce. The steam generated from the exchanger is used to heat the sump oil in the cabinet so that other types of energy can be saved and the performance of the equipment can be improved. 
Application of Frequency Conversion Technology
One of the advanced indicators of the shipboard incinerator is that in the premise of qualified indicator of control emission, the unit amount of diesel consumed can burn as much waste and sump oil as possible. If it is a constant pump and the amount of injected sump oil can not be adjusted when the temperature of hearth is either too high or too low, causing a waste of fuel oil, then the frequency conversion technology can solve this problem. It is suggested to apply the MM440 frequency converterr [5] [6] . When the temperature of the hearth reaches 650℃, a starting signal will be sent to the frequency converter so that the sump pump will begin to pump the oil. In other words, the temperature of the hearth is set as the given signal, according to which the frequency converter outputs the frequency so that the speed and flow of the sump pump can be adjusted. The higher the temperature of the hearth, the higher the output of frequency as well as the speed and flow of the sump pump. In this way, the cost-effectiveness of the combustion can be improved.
Application of High-temperature Dehydration
At present, over 50 types of shipboard incinerators have been developed in several countries around the world. However, the water ratio of the sump oil is limited to about 50% 7 and is not combustible if it is too high. After being stirred by the cutting pump, the oil-water becomes emulsion. When the emulsion is burned, every drop contains water, and when the temperature of the surface of the drop increases above the boiling point, the pressure of the steam exceeds the surface tension of the the oil and the pressure of the environment. As a result, the steam overflows, leading to the explosion of the drop, and the drop is split into smaller particles. That is to say, a certain level of water content is helpful for atomization and combustion. However, if the level is too high, then the water will take in a large amount of heat by vaporization and the amount of oil will reduce, both of which is against combustion. Experiments indicate that when the water ratio of the sump oil ranges from 10% to 30%, the sump oil can be burned the fullest. This sump oil cabinet applies the technology of high-temperature (100℃) dehydration. In this circumstance, most of the water in the sump oil will vapor and nearly all the injected material is the combustible sump oil. It also enables the water ratio of the sump oil to exceed 80%. The application of the technology of hightemperature dehydration helps reduce the water in the sump oil and the heat loss due to water vaporization, which improves the stability of the incinerator and reduces the energy consumption.
Environmental Protection Technology

Constant Temperature Control
Apply the technology of constant temperature control in the sump oil cabinet of the shipboard incinerator. Specific principles are as follows: apply the Pt100 Temperature Sensor to detect the 202 signal of the temperature of sump oil in the cabinet. The Pt100 Temperature Sensor, whose platinum resistor is made from a thin platinum wire surrounding a mica holder, is a world-recognized highprecision standard temperature sensor. The detected signal of the temperature of sump oil in the cabinet is sent to EM235 module (in this module, this signal of current is more stable than that of voltage with better anti-interference performance) in the form of current signal. Then, the PLC makes comparison between the detected and the set temperature signal, and after being calculated by the PID, it sends a current signal to adjust the opening of the electric control valve of the steam heating and changes the amount of steam which is responsible for sump oil heating, so as to adjust the temperature of the sump oil. The opening of the electric control valve is under closed-loop control and gives feedback in the form of current signal, so that the sump oil in the cabinet keeps a constant temperature.
Because the types of ships and navigation conditions are different, and the content of the sump oil changes, this will probably make the combustion unstable and pollutants increase. Because the burned materials are uncertain and their calorific value varies, it is suggested to apply the technology of constant temperature control. The temperature is constant before the sump oil is injected into the incinerator. As a consequence, the period of unstable combustion is shortened, the consumption of fuel is reduced, the combustion is more stable, the emitted pollutants are decreased and the product is more environment-friendly.
Complete Combustion
Because of incomplete combustion of wastes, carbon monoxide and dioxin are very much possible to be released, which will lead to pollutant emissions and fuel wastage. To prevent pollution resulted from incomplete combustion, standards approved by the International Maritime Organization (IMO) on operating limits for shipboard incinerators (which are shown in Table 1) shall be followed. Combustion Chamber Flue Gas Outlet Temperature Range 850~1200℃ 850~1200℃ Whether the combustion of wastes and sludge oil in incinerator is complete or not depends on the oxygen content, namely, it will be relatively complete if it is oxygen-enriched combustion, and this is also why the average content of oxygen in combustion chamber (6%-12% as required) should 203 be tested as required in Table 1 . The average CO content in flue gas, the weight of unburned components in ash residues and soot number are all measurements to test the completeness of waste combustion. Main decisive factors of incineration process include incineration temperature, flue gas temperature, pressure in combustion chamber, residence time of wastes and high temperature gas in incinerator, structure of inlet channel, air input, turbulivity, etc. In general terms, increasing the incineration temperature is good for the decomposition of the organic toxic components in wastes as well as the reduction of black smoke. However if the incineration temperature is too high, the quantity of auxiliary fuel consumption, nitrogen oxides and metal volatilization will be increased, which will result in secondary pollution. Besides, the high temperature will cause damage to the incinerator body. So the incineration temperature in the incinerator cannot just be increased without control. Similarly, if the temperature gets too low during the waste incineration process, it is not good for the complete combustion of the sludge oil and will make the incineration of solid waste even harder. Negative pressure in combustion chamber can help prevent the leak of the high temperature gas from the chamber so that the safety of the ship and its operators can be ensured, and a sufficient amount of gas for the waste incineration can be provided through a free flow of gas from the outside of incinerator into the inside. Because the residence time of the intake gas in incinerator exerts immediate impact on the completeness of waste incineration, it shall be controlled.
Since the air input of fans is kept within a certain amount, the negative pressure in combustion chamber is mainly controlled by the opening of air damper, which means different opening positions can be taken to regulate the amount of gas flow so that the negative pressure is under control. According to the International Convention for the Prevention of Pollution from Ships, the outlet temperature of the incineration chamber shall not be higher than 1200 and the flue gas ℃ temperature shall not exceed 350℃. If the temperature of flue gas gets too high, most of the heat will be wasted, dioxin and other types of pollutants will be produced, and at the same time the equipment itself will suffer from damage.The air input amount depends on the size, position, number of the bores on the incinerator surface and the opening of the air damper. The pressure in chamber, which depends on the opening of the air damper, will affect the flow mix and the chamber temperature, and then the chamber temperature will exert direct influence on incineration efficiency and flue gas temperature (the opening of air damper can also influence flue gas temperature directly).
To tackle these problem, the structure of incinerator should be properly designed, and the opening of the damper should be controlled with a scientific approach to ensure an oxygen-enriched combustion.
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Conclusions
Based on the above technical analysis and research, the following conclusions can be made:
1) By adopting technologies like waste-heat utilization, high-temperature dehydration, energy-saving standards of shipboard incinerator can be increased, benefiting the conservation of fuel oil and other energy resources.
2) By adopting technologies like thermostatic control and complete combustion, the environment protection standards of shipboard incinerator can be increased, benefiting the protection of marine environment.
